A third determinant of hybridization efficiency is the salt concentration of the 
reaction. In large part, the choice of solution conditions will depend on the 
requirements of the cleavage agent, and for reagents obtained commercially, the 
manufacturer's instructions are a resource for this information. When developing an 
assay utilizing any particular cleavage agent, the oligonucleotide and temperature 
optimizations described above should be performed in the buffer conditions best suited 
to that cleavage agent. 

A "no enzyme" control allows the assessment of the stability of the labeled 
oligonucleotides under particular reaction conditions, or in the presence of the sample 
to be tested (Le. f in assessing the sample for contaminating nucleases). In this manner, 
the substrate and oligonucleotides are placed in a tube containing all reaction 
components, except the enzyme and treated the same as the enzyme-containing 
reactions. Other controls may also be included. For example, a reaction with all of 
the components except the target nucleic acid will serve to confirm the dependence of 
the cleavage on the presence of the target sequence. 

Probing For Multiple Alleles 

The invader-directed cleavage reaction is also useful in the detection and 
quantification of individual variants or alleles in a mixed sample population. By way 
of example, such a need exists in the analysis of tumor material for mutations in genes 
associated with cancers. Biopsy material from a tumor can have a significant 
complement of normal cells, so it is desirable to detect mutations even when present in 
fewer than 5% of the copies of the target nucleic acid in a sample. In this case, it is 
also desirable to measure what fraction of the population carries the mutation. Similar 
analyses may also be done to examine allelic variation in other gene systems, and it is 
not intended that the method of the present invention by limited to the analysis of 
tumors. 

As demonstrated below, reactions can be performed under conditions that 
prevent the cleavage of probes bearing even a single-nucleotide difference mismatch 
within the region of the target nucleic acid termed "Z" in Figure 29, but that permit 
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cleavage of a similar probe that is completely complementary to the target in this 
region. Thus, the assay may be used to quantitate individual variants or alleles within 
a mixed sample. 

The use of multiple, differently labelled probes in such an assay is also 
contemplated. To assess the representation of different variants or alleles in a sample, 
one would provide a mixture of probes such that each allele or variant to be detected 
would have a specific probe (i.e., perfectly matched to the Z region of the target 
sequence) with a unique label (e.g., no two variant probes with the same label would 
be used in a single reaction). These probes would be characterized in advance to 
ensure that under a single set of reaction conditions, they could be made to give the 
same rate of signal accumulation when mixed with their respective target nucleic acids. 
Assembly of a cleavage reaction comprising the mixed probe set, a corresponding 
invader oligonucleotide, the target nucleic acid sample, and the appropriate cleavage 
agent, along with performance of the cleavage reaction under conditions such that only 
the matched probes would cleave, would allow independent quantification of each of 
the species present, and would therefore indicate their relative representation in the 
target sample. 

IV. A Comparision Of Invasive Cleavage And Primer-Directed Cleavage 

As discussed herein, the terms "invasive" or "invader-directed" cleavage 
specifically denote the use of a first, upstream oligonucleotide, as defined below, to 
cause specific cleavage at a site within a second, downstream sequence. To effect 
such a direction of cleavage to a region within a duplex, it is required that the first and 
second oligonucleotides overlap in sequence. That is to say, a portion of the upstream 
oligonucleotide, termed the "invader", has significant homology to a portion of the 
downstream "probe" oligonucleotide, so that these regions would tend to basepair with 
the same complementary region of the target nucleic acid to be detected. While not 
limiting the present invention to any particular mechanism, the overlapping regions 
would be expected to alternate in their occupation of the shared hybridization site. 
When the probe oligonucleotide fully anneals to the target nucleic acid, and thus forces 
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the 3' region of the invader to remain unpaired, the structure so formed is not a 
substrate for the 5* nucleases of the present invention. By contrast, when the inverse 
is true, the structure so formed is substrate for these enzymes, allowing cleavage and 
release of the portion of the probe oligonucleotide that is displaced by the invader 
oligonucleotide. The shifting of the cleavage site to a region the probe oligonucleotide 
that would otherwise be basepaired to the target sequence is one hallmark of the 
invasive cleavage assay (i.e., the invader-directed cleavage assay) of the present 
invention. 

It is beneficial at this point to contrast the invasive cleavage as described above 
with two other forms of probe cleavage that may lead to internal cleavage of a probe 
oligonucleotide, but which do not comprise invasive cleavage. In the first case, a 
hybridized probe may be subject to duplex-dependent 5' to 3' exonuclease "nibbling," 
such that the oligonucleotide is shortened from the 5' end until it cannot remain bound 
to the target (see, e.g., Examples 6-8 and Figs. 26-28). The site at which such 
nibbling stops can appear to be discrete, and, depending on the difference between the 
melting temperature of the full-length probe and the temperature of the reaction, this 
stopping point may be 1 or several nucleotides into the probe oligonucleotide 
sequence. Such "nibbling" is often indicated by the presence of a "ladder" of longer 
products ascending size up to that of the full length of the probe, but this is not always 
the case. While any one of the products of such a nibbling reaction may be made to 
match in size and cleavage site the products of an invasive cleavage reaction, the 
creation of these nibbling products would be highly dependent on the temperature of 
the reaction and the nature of the cleavage agent, but would be independent of the 
action of an upstream oligonucleotide, and thus could not be construed to involve 
invasive cleavage. 

A second cleavage structure that may be considered is one in which a probe 
oligonucleotide has several regions of complementarity with the target nucleic acid, 
interspersed with one or more regions or nucleotides of noncomplementarity. These 
noncomplementary regions may be thought of as "bubbles" within the nucleic acid 
duplex. As temperature is elevated, the regions of complementarity can be expected to 
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